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[57] ABSTRACT

A reflection reducing directional coupler provides an output
signal from a coupled signal while reducing the effect of an
mput signal. The directional coupler provides circuitry to
divide, phase delay and vectorially add signals to provide
coherent output and coupled signals and reduce reflected
signals. The directional coupler also provides the capability
to mput a calibration signal into a system while mininimaiz-
ing the effect of the calibration signal on the output signal.

25 Claims, 7 Drawing Sheets
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REFLECTION REDUCING DIRECTIONAL
COUPLER

BACKGROUND OF THE INVENTION

The present invention relates 1n general to directional
couplers which may be the stripline, microstrip, coaxial,
MMIC or waveguide type, and more particularly to a
directional coupler for providing an output signal and a
coupled signal from an input signal while reducing the
ciiects of a reflected signal.

In Radio Frequency (RF) systems, it is often desirable to
determine the amplitude of a signal input 1nto the system, a
signal present 1 the system, or a signal output from the
system. It 1s difficult to obtain a direct measurement of these
signals; so, directional couplers are placed in RF systems at
locations where a determination of the amplitude of a signal
1s desired. A directional coupler divides an 1nput signal into
a coupled signal and an output signal; the amplitude of the
coupled signal being proportional to the amplitude of the
input and output signals. The amplitude of the input and
output signals can thus be determined by measuring the
amplitude of the coupled signal. An accurate measurement
of the amplitude of the coupled signal 1s important to an
accurate determination of the amplitude of the input and
output signals.

A reflected signal can occur at a discontinuity between the
directional coupler and an external component (or load)
attached to the directional coupler and can distort the
coupled signal resulting 1n an inaccurate measurement of the
amplitude of the coupled signal. Therefore, most systems
attempt to match the 1impedance of the output port to the
impedance of the load. The closer the impedance match, the
lower the amplitude of the reflected signal. However, it 1s
very difficult to match the impedance over an entire fre-
quency band; therefore, typical design techniques match the
impedance at a specific desired frequency, and the 1mped-
ance match degrades as the frequency deviates from that
frequency.

For many systems, the 1naccuracy of the measurement of
the amplitude of the coupled signal 1s inconsequential to
system performance. However, 1t 1s anticipated that future
systems will be significantly more sophisticated and require
a more accurate determination of the amplitude of an 1nput
or output signal; 1naccuracies of the measurement of the
coupled signal induced by a reflected signal will not be
acceptable. Therefore, 1t 1s desirable to have an improved
directional coupler that reduces the portion of the reflected
signal that adds to the coupled signal.

SUMMARY OF THE INVENTION

The aforementioned need in the prior art 1s satisiied by
this 1nvention, which provides a directional coupler for
producing an output signal and a coupled signal from an
input signal while reducing the effects of a reflected signal.
The directional coupler provides circuitry for inputting an
input signal into an input port of the directional coupler. The
input signal 1s divided 1nto a first and a second intermediate
signal. The first intermediate signal 1s divided into a third
and a fourth intermediate signal; and, the second interme-
diate signal 1s phase delayed into a first delayed signal. The
first delayed signal 1s divided into a fifth and a sixth delayed
signal; and, the fourth intermediate signal 1s delayed into a
second delayed signal. The sixth and second delayed signals
are combined and vectorially added mto a coupled signal
which 1s provided at the coupled port of the directional
coupler.
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The third intermediate signal 1s phase delayed into a third
delayed signal. The third delayed signal and the fifth delayed
signal are combined and vectorially added into an output
signal which 1s provided at the output port of the directional
coupler.

The impedance match between the output port and an
external load attached to the output port determines the
amplitude of the first reflected signal. The first reflected
signal 1s divided into a second and a third reflected signal.
The second reflected signal i1s phase delayed into a sixth
delayed signal; and, the third reflected signal 1s divided into
a fourth and a fifth reflected signal. The sixth delayed signal
1s divided 1nto a seventh and an eighth delayed signal; and,
the seventh delayed signal 1s phase delayed into a ninth
delayed signal. The fourth reflected and ninth delayed sig-
nals are combined and vectorially added.

The directional coupler can further include circuitry for
inputting a first calibration signal into the coupled port of the
directional coupler.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the reflection reducing
directional coupler in accordance with the invention of this
application, 1illustrating the flow of signals m the forward
direction;

FIGS. 2a— are block diagrams of the first, second and
third electrical members of the retlection reducing direc-
tional coupler 1n accordance with the invention of this
application, illustrating the flow of signals in the forward
direction 1n the electrical members;

FIGS. 3a—c are second block diagrams of the first, second
and third electrical members of the reflection reducing
directional coupler 1n accordance with the 1nvention of this
application, 1llustrating the flow of reflected signals in the
electrical members;

FIG. 4 1s a second block diagram of the retflection reduc-
ing directional coupler in accordance with the imvention of
this application, illustrating the tlow of reflected signals;

FIG. 5 depicts predicted signals present 1n the invention
for first and second electrical components having a first
resistance value;

FIG. 6 depicts predicted signals present in the invention
for first and second electrical components having a second
resistance value;

FIG. 7 depicts predicted signals present in the imvention
for first and second electrical components having a third
resistance value;

FIG. 8 depicts predicted signals present 1n the invention
for first and second electrical components having a fourth
resistance value;

FIG. 9 15 a third block diagram of the reflection reducing,
directional coupler 1n accordance with the 1nvention of this
application, 1llustrating the flow of signals resulting when a
calibration signal 1s mnput into the coupler; and,

FIGS. 10a—c are third block diagrams of the first, second
and third electrical members of the reflection reducing
directional coupler in accordance with the invention of this
application, 1llustrating the flow of signals 1n the electrical
members resulting when a calibration signal 1s input 1nto the
coupler.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention, as illustrated 1n FIG. 1, relates to
a directional coupler 100 for use in a radio frequency (RF)
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system and, more particularly, to a directional coupler 100
that provides an output signal 82 and a coupled signal 78
from an 1nput signal 60 while reducing the effects of a first
reflected signal 84. It should be understood by those of
ordinary skill in the art that the principles of the present
invention are applicable to virtually any type of RF system,
such as a communication system. The principles of the
present invention are also applicable to any number of
communication systems, across and including the entire RF
Spectrum.

The major components of this mnvention include a first
electrical member 20, a second electrical member 22 and a
third electrical member 24. The first electrical member 20
includes a input port 26, a second port 28 and a third port 30.
The mput port 26 1s adapted to receive an input signal 60 and
provides the means for inputting the 1nput signal 60 nto the
directional coupler 100.

The first electrical member 20 includes means 300 (FIG.
2a) to divide the input signal 60 into a first intermediate
signal 62 and a second intermediate signal 64 and includes
means 310 to phase delay the second mtermediate signal 64
to generate a first delayed signal 66. The first intermediate
signal 62 1s supplied to the second port 28; and, the first
delayed signal 66 1s supplied to the third port 30.

The second electrical member 22 (FIG. 1) includes a
fourth port 32, a fifth port 34, and, a coupled port 36. The
third electrical member 24 mcludes a seventh port 38, an
cighth port 40, and, an output port 42. The second port 28 of
the first electrical member 20 1s electrically connected to the
fourth port 32 of the second electrical member 22 via line
200 and the first electrical component 44 and to the seventh
port 38 of the third electrical member 24 via lines 200 and
202. The first junction 48, formed by the electrical connec-
tion of line 200 with both the first electrical component 44
and line 202, provides the means to divide the first inter-
mediate signal 62 into a third intermediate signal 68 and a
fourth intermediate signal 70 each having the same phase as
the first intermediate signal 62. Similarly, the third port 30
of the first electrical member 20 1s electrically connected to
the fifth port 34 of the second electrical member 22 via line
206 and the second electrical component 46 and to the eighth
port 40 of the third electrical member 24 via lines 206 and
210. The second junction 50, formed by the electrical
connection of line 206 with both the second electrical
component 46 and line 210, provides the means to divide the
first delayed signal 66 1nto a second delayed signal 72 and
a third delayed signal 74 each having the same phase as the
first delayed signal 66.

The first 44 and second 46 clectrical components can be
resistors, active components, directional couplers, MMIC’s,
or any other electrical components 44, 46 which are capable
of dividing the first intermediate signal 62 into a third 68 and
a fourth 70 intermediate signal and dividing the first delayed
signal 66 1nto a second 72 and a third 74 delayed signal
respectively. The amplitude of a signal received at the fourth
port 32 of the second electrical member 22; and, the ampli-
tude of a signal received at the seventh port 38 of the third
clectrical member 24 1s determined by the electrical char-
acteristics of the first electrical component 44. Similarly, the
amplitude of a signal received at the fifth port 34 of the
second electrical member 22; and, the amplitude of a signal
received at the eighth port 40 of the third electrical member
1s determined by the electrical characteristics of the second
clectrical component 46.

Providing first 44 and second 46 components having
equal electrical characteristics provides the means to divide
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the first ntermediate signal 62 and the first delayed signal 66
into a third delayed 74 and a fourth intermediate 70 signal
having equal relative amplitudes, and, a third intermediate
68 and a second delayed 72 signals having equal relative
amplitudes. Note however that the fourth mmtermediate 70
and third delayed 74 signals differ in phasing and the third
intermediate 68 and second delayed 72 signals differ in
phasing. This 1s because the second 72 and third 74 delayed
signals have the same relative phase as the first delayed
signal 66; and, the third intermediate 68 and fourth inter-
mediate 70 signals have the same relative phase as the first

intermediate signal 62.

The fourth port 32 and the fifth port 34 of the second
clectrical member 22 are adapted to receive the fourth
intermediate signal 70 and the third delayed signal 74
respectively. The second electrical member 22 1ncludes
means 320 (FIG. 2b) to phase delay the fourth intermediate
signal 70 to generate a fourth delayed signal 76. The second
clectrical member 22 also includes means 330 to combine
and vectorially add the third 74 and fourth 76 delayed
signals into a coupled signal 78. The coupled port 36 of the
second electrical member 22 provides the means to output
the coupled signal 78 from the directional coupler 100.

The seventh port 38 and eighth port 40 of the third
clectrical member 24 are adapted to receive the third inter-
mediate 68 and the second delayed 72 signals respectively.
The third electrical member 24 (FIG. 2¢) includes means
340 to phase delay the third intermediate signal 68 to
oenerate a fifth delayed signal 80. The third electrical
member 24 also mncludes means 350 to combine and vec-
torially add the second 72 and fifth 80 delayed signals into
an output signal 82. The output port 42 of the third electrical
member 24 provides the means to output the output signal 82
from the directional coupler 100.

For various system applications, it 1s desirable to provide
a coherent output signal 82 (FIG. 2¢). Providing second
delayed 72 and fifth delayed 80 signals that are 1n-phase with
respect to each other allows for vectorial addition of the two
signals into a coherent output signal 82. To accomplish this,
means 300 (FIG. 2a) divides the input signal into equal
amplitude first 62 and second 64 intermediate signals, means
310 phase delays the second intermediate signal 64 ninety
degrees to provide a first delayed signal 66 that is ninety
degrees phase delayed with respect to the first intermediate
signal 62. Junction 48 (FIG. 1) provides the means to divide
the first mntermediate signal 62 into a third intermediate
signal 68 and a fourth intermediate signal 70 each having the
same relative phase as the first mtermediate signal 62.
Similarly, junction 50 provides the means to divide the first
delayed signal 66 1nto a second delayed signal 72 and a third
delayed signal 74 each having the same relative phase as the
first delayed signal 66. Means 340 (FIG. 2c¢) then phase
delays the third intermediate signal 68 ninety degrees result-
ing 1n the fifth delayed 80 and the second delayed 72 signals
being 1n-phase with respect to each other, the combining and
vectorial addition of which results 1n a coherent output
signal 82.

In addition to a coherent output signal 82, 1t 1s desirable
to have a coherent coupled signal 78 (FIG. 2b) Providing
third delayed 74 and fourth delayed 76 signals that are
in-phase with respect to each other allows for vectorial
addition of the two signals into a coherent coupled signal 78.
To provide m-phase third 74 and fourth 76 delayed signals,
means 310 (FIG. 2a) phase delays the second intermediate
signal 64 ninety degrees to provide a first delayed signal 66
that 1s ninety degrees out-of-phase with respect to the first
intermediate signal 62. Junction 48 (FIG. 1) provides the
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means to divide the first intermediate signal 62 into a third
intermediate signal 68 and a fourth intermediate signal 70
cach having the same relative phase as the first intermediate
signal 62. Similarly, junction 50 provides the means to
divide the first delayed signal 66 into a second delayed
signal 72 and a third delayed signal 74 each having the same
relative phase as the first delayed signal 66. Means 320 (FIG.
2b) then phase delays the fourth intermediate signal 70
ninety degrees resulting in the third delayed 74 and the
fourth delayed 76 signals being in-phase with respect to each
other, the combining and vectorial addition by means 330

results 1n a coherent coupled signal 78.

Various loads 400 (FIGS. 1 and 2c¢) can be attached to the
output port 42 of the directional coupler 100 such as
antennas, transmitting systems, a measurement device or the
like. Each load 400 provides an impedance to the output
signal 82, the impedance match between the output port 42
and the external load 400 determining the amplitude of a first

reflected signal 84 (FIGS. 3c and 4).

As shown 1n FIGS. 2¢ and 3c, the same means 350 used
to combine the second delayed 72 and the fifth delayed 80
signals mto an output signal 82 1s utilized 1n the reverse
direction and provides the means to divide the first reflected
signal 84 1nto a second reflected signal 86 and a third
reflected signal 88. Mecans 340 1s utilized i1n the reverse
direction to phase delay the second reflected signal 86 to
generate a sixth delayed signal 90. The sixth delayed signal
90 1s supplied to the seventh port 38 of the third electrical
member 24; and, the third reflected signal 88 1s supplied to
the eighth port 40 of the third electrical member 24.

With reference to FIG. 4, the seventh port 38 of the third
clectrical member 24 1s electrically connected to the fourth
port 32 of the second electrical member 22 via line 202 and
the first electrical component 44 and to the second port 28
of the first electrical member 20 via lines 202 and 200. The
first junction 48, formed by the electrical connection of line
202 with both the first electrical component 44 and line 200,
provides the means to divide the sixth delayed signal 90 into
a seventh 92 and an eighth 94 delayed signal each having the
same phase as the sixth delayed signal 90. Similarly, the
cighth port 40 of the third electrical member 24 1s electri-
cally connected to the fifth port 34 of the second electrical
member 22 via the second electrical component 46 and line
210 and to the third port 30 of the first electrical member 20
via lines 210 and 206. The second junction 50, formed by the
clectrical connection of line 210 with both the second
clectrical component 46 and line 206, provides the means to
divide the third reflected signal 88 into a fourth reflected
signal 96 and a fifth reflected signal 98 each having the same
phase as the third reflected signal 88. The seventh delayed
signal 92 and the fourth reflected signal 96 are input to the
fourth port 32 and the fifth port 34 respectively of the second
electrical member 22. The same means 320 (FIG. 2b) used
to phase delay the fourth intermediate signal 70 1s used to
phase delay the seventh delayed signal 92 (FIG. 3b) to
oenerate a ninth delayed signal 102. Similarly, the same
means 330 (FIG. 2b) used to combine and vectorially add
the third delayed 74 and fourth delayed 76 signals 1s used to
combine and vectorially add the fourth reflected 96 (FIG.

3b) and ninth delayed 102 signals into a sixth reflected signal
126.

It 1s typically desirable to reduce the amplitude of the
sixth reflected signal 126 as much as possible. Providing
equal amplitude, one hundred and eighty degree out-of-
phase fourth reflected 96 and ninth delayed 102 signals
(FIG. 3b) will result in cancellation or near cancellation of
these two signals upon combining and vectorial addition of

10

15

20

25

30

35

40

45

50

55

60

65

6

the two signals. For this embodiment, means 350 (FIG. 3c¢)
divides the first reflected signal into equal amplitude second
reflected 86 and third reflected 88 signals. Next, means 340
phase delays the second reflected signal 86 ninety degrees to
ogenerate a sixth delayed signal 90 that 1s ninety degrees
phase delayed with respect to the third reflected signal 88.
Electrical components 44 and 46 (FIG. 4) are chosen to have
equal electrical characteristics such that the first 48 and
second 50 junctions provides the means to divide the sixth
delayed 90 and the third reflected 88 signal into equal
amplitude seventh delayed 92 and fourth reflected 96 signals
and equal amplitude eighth delayed 94 and fifth reflected 98
signals. The seventh 92 and eighth 94 delayed signals have
the same relative phase as the sixth delayed signal 90; and
the fourth 96 and fifth 98 reflected signals have the same
relative phase as the third reflected signal 88. Thus, the
fourth reflected 96 and seventh delayed 92 signals have
equal amplitudes; and, the seventh delayed signal 92 has a
phase delay of ninety degrees with respect to the fourth
reflected signal 96.

Means 320 (FIG. 3b) phase delays the seventh delayed
signal 92 by an additional ninety degrees to generate a ninth
delayed signal 102 that 1s one hundred and eighty degrees
out-of-phase with respect to the fourth reflected signal 96.
Means 330 vectorially adds the two out-of-phase signals
resulting 1n cancellation or near cancellation of the fourth
reflected 96 and nminth delayed 102 signals such that the
amplitude of the sixth reflected signal 126 1s reduced as
much as possible.

Referring to FIG. 1, the first 20, second 22 and third 24
clectrical members can be designed to divide signals and
phase delay signals over a wide frequency band, a narrower
frequency band, or primarily at a specific frequency. For one
embodiment of the invention, the phase delays occur pri-
marily over a frequency band of 10 to 20 Ghz. For another
embodiment, the phase delays occur primarily at the speciiic
frequency of 15 Ghz. For one embodiment of the invention,
commercially available first, second, and third Lange cou-
plers are used as the first 20, second 22 and third 24
electrical members. U.S. Pat. No. 3,516,024 was 1ssued on
Jun. 2, 1970 to Lange for an Interdigitated Stripline Coupler.
This coupler has become known in the art as a Lange
coupler. Lange couplers are a commercially known method
of dividing a signal into two equal amplitude signals and
phase delaying one of the signals ninety degrees with respect
to the other signal. Lange couplers can be wideband or
narrowband.

FIG. § depicts the predicted signals present 1n the mven-
tion for first 44 and second 46 clectrical components having
a first resistance value of 85 ohms, with the first 20, second
22 and third 24 electrical members being first, second and
third Lange couplers each having a relatively narrow band-
width. The graphs are normalized for an input signal 60
(FIG. 1) having a amplitude of 0 dB. The coupled signal 78
1s depicted by plus signs, the output signal 82 1s depicted by
squares; and, the sixth reflected signal 126 1s depicted by the
diamonds. The vertical scale is amplitude in decibels (dB)
and the horizontal scale 1s frequency in Ghz. The vertical
scale on the right side of the graph relates only to the graph
of output signal 82. The vertical scale on the left side of the
oraph relates to the coupled signal 78 and the sixth reflected

signal 126.

The legends for FIGS. 6—8 are the same as for FIG. 5.
FIG. 6 depicts the predicted signals present in the mnvention
for first 44 and second 46 electrical components having a
second resistance value of 430 ohms for an embodiment of
the i1nvention having narrowband first, second and third
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Lange couplers. FIG. 7 depicts the predicted signals present
in the mnvention for first 44 and second 46 electrical com-
ponent having a third resistance value of 1520 ohms for an
embodiment of the invention having wideband first, second
and third Lange couplers; and, FIG. 8 depicts the predicted
signals present 1n the mvention for first 44 and second 46
clectrical component having a fourth resistance value of
4950 ohms for an embodiment of the invention having
wideband first, second and third Lange couplers.

Referring now to FIG. 9, for various system applications,
it 1s desirable to 1nput a first calibration signal 104 into the
RF system. The present invention can provide this capabil-
ity. The coupled port 36 of the second electrical member 22
provides the means to mput a first calibration signal 104 mto
the directional coupler 100. As shown in FIG. 10b, means
330 divides the first calibration signal 104 into a second
calibration signal 106 and a third calibration signal 108, and
means 320 phase delays the second calibration signal 106 to
ogenerate a fourth calibration signal 110. The fourth calibra-
tion signal 110 1s supplied to the fourth port 32 of the second
clectrical member 22; and, the third calibration signal 108 1s
supplied to the fifth port 34 of the second electrical member

22.

Referring to FIG. 9, the fourth port 32 of the second
clectrical member 22 is electrically connected to the second
port 28 of the first electrical member 20 via the first
clectrical component 44 and line 200 and to the seventh port
38 of the third electrical member 24 via the first electrical
component 44 and line 202. The first junction 48, formed by
the electrical connection of the first electrical component 44
with both line 200 and 202, provides the means to divide the
fourth calibration signal 110 into fifth 112 and sixth 114
calibration signals each having the same phase as the fourth
calibration signal 110. Similarly, the fifth port 34 of the
second electrical member 22 is electrically connected to the
third port 30 of the first electrical member 20 via the second
clectrical component 46 and line 206 and to the eighth port
40 of the third electrical member 24 via the second electrical
component 46 and line 210. The second junction 50, formed
by the electrical connection of the second electrical compo-
nent 46 with both line 206 and line 210, provides the means
to divide the third calibration signal 108 1nto a seventh 116
and an eighth 118 calibration signal each having the same
phase as the third calibration signal 108. The fifth 112, sixth
114, seventh 116 and eighth 118 calibration signals are
received at the seventh 38, second 28, eighth 40, and third
30 ports respectively.

Means 310 (FIG. 10a) phase delays the eighth calibration
signal 118 to generate a ninth calibration signal 120; and,
means 300 combines and vectorially adds the sixth 114 and
ninth 120 calibration signals mnto a first test signal 122. The
first test signal 122 1s supplied at the mput port 26 of the first
electrical member 20. Means 340 (FIG. 10c¢) phase delays
the fifth calibration signal 112 to generate an eleventh
calibration signal 124. Means 350 combines and vectorially
adds the seventh 116 and eleventh 124 calibration signals
into a twelfth calibration signal 128.

It 1s typically desirable to provide a coherent first test
signal 122 (FIG. 9). With reference to FIG. 10a, providing
sixth 114 and minth 120 calibration signals that are in-phase
with respect to each other allows for vectorial addition by
means 300 of the sixth 114 and ninth 120 calibration signals
into a coherent first test signal 122. To accomplish this,
means 330 (FIG. 10b) divides the first calibration signal 104
into equal amplitude second 106 and third 108 calibration
signals. Next, means 320 phase delays the second calibration
signal 106 ninety degrees to generate a fourth calibration
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signal 110 that 1s ninety degrees phase delayed with respect
to the third calibration signal 108. Junction 48 (FIG. 9)
provides the means to divide the fourth calibration signal

110 1nto a fifth 112 and a sixth 114 calibration signal each

having the same relative phase as the fourth calibration
signal 110. Similarly, junction S0 provides the means to
divide the third calibration signal 108 into a seventh 116 and
an eighth 118 calibration signal each having the same
relative phase as the third calibration signal 108.

Then, means 310 (FIG. 10a) phase delays the eighth

calibration signal 118 ninety degrees to generate a ninth
calibration signal 120 with the same relative phase as the
sixth calibration signal 114. Combining and vectorial addi-
tion of the fourth calibration 110 and the ninth calibration
120 signals by means 300 results in a coherent test signal
122.

In addition to providing a coherent first test signal 122, it
1s also desirable to minimize the amplitude of the twelfth
calibration signal 128 (FIG. 10c¢) that is output at the output
port 42 of the third electrical member 24 so that the twelith
calibration signal 128 does not distort the output signal 82
(FIG. 2c¢). The closer the seventh 116 and cleventh 124
calibration signals are to being equal amplitude, one hun-
dred and eighty degrees out-of-phase signals, the smaller
will be the amplitude of the twelfth calibration signal 128
provided at the output port 42 upon vectorial addition of the
seventh 116 and eleventh 124 calibration signals by means

350.

To accomplish this, means 330 (FIG. 10b) divides the first

calibration signal 104 into equal amplitude second 106 and
third 108 calibration signals. Means 320 phase delays the

second calibration signal 106 ninety degrees to generate a
fourth calibration signal 110 that 1s ninety degrees phase
delayed with respect to the third calibration signal 108.
Junction 48 (FIG. 9) provides the means to divide the fourth
calibration signal 110 into a fifth 112 and a sixth 114
calibration signal each having the same relative phase as the
fourth calibration signal 110. Similarly, junction 50 provides
the means to divide the third calibration signal 108 into a
seventh 116 and an eighth 118 calibration signal each having
the same relative phase as the third calibration signal 108.
Providing first 44 and second 46 electrical components
having equal electrical characteristics provides the means to
divide the third 108 and fourth 110 calibration signals in
equal amplitude fifth 112 and seventh 116 calibration signals
and equal amplitude sixth 114 and eighth 118 calibration
signals.

Means 340 (FIG. 10c¢) phase delays the fifth calibration
signal 112 an additional ninety degrees to generate an
cleventh calibration signal 124 that is one hundred and
cighty degrees out-of-phase with respect to the seventh
calibration signal 116. The combining and vectorial addition
by means 350 results in cancellation or near cancellation of
the seventh 116 and eleventh 124 calibration signals result-
ing in a reduced amplitude twelfth calibration signal 128.

The present mvention provides an output signal and a
coupled signal from an mput signal while reducing the
clfects of a reflected signal on the coupled signal providing
for a more accurate measurement of the coupled signal and
a more accurate determination of the amplitude of an output
or mnput signal. In addition, this invention provides the
capability to mnput a calibration signal into a system while
minimizing the effects of the calibration signal on the output
signal.

We claim as our invention:

1. A directional coupler for providing an output signal and
a coupled signal from an iput signal while reducing the
ciiects of a reflected signal comprising:
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means for mputting an 1nput signal 1into an input port of
said directional coupler;

means to divide said input signal into a first and a second
intermediate signal;

means to phase delay said second intermediate signal to
generate a first delayed signal,;

means to divide said first intermediate signal into a third
and a fourth intermediate signal;

means to divide said first delayed signal ito a second and
a third delayed signal;

means to phase delay said fourth intermediate signal to
ogenerate a fourth delayed signal;

means to combine and vectorially add said third delayed
signal and said fourth delayed signal into a coupled
signal;

means to output said coupled signal at a coupled port of
said directional coupler;

means to phase delay said third intermediate signal to
cgenerate a fifth delayed signal;

means to combine and vectorially add said second
delayed signal and said fifth delayed signal into an
output signal;

means to output said output signal at an output port of said
directional coupler, an impedance match between said
output port and an external load attached to said output
port determining an amplitude of a first reflected signal;

means to divide said first reflected signal into a second
and a third reflected signal;

means to phase delay said second reflected signal to
generate a sixth delayed signal;

means to divide said sixth delayed signal into a seventh
delayed signal and an eighth delayed signal;

means to divide said third reflected signal into a fourth
reflected signal and a fifth retlected signal;

means to phase delay said seventh delayed signal to
generate a ninth delayed signal; and,

means to combine and vectorially add said fourth

reflected and ninth delayed signals.

2. A coupler according to claim 1, wherein said means to
phase delay said third intermediate signal results 1n said
second delayed signal and said fifth delayed signal being
in-phase with respect to each other;

means to phase delay said fourth intermediate signal
results 1n said third delayed signal and said fourth
delayed signal being in-phase with respect to each
other; and,

said means to phase delay said seventh delayed signal
results 1n said ninth delayed and fourth reflected signals
being approximately 180 degrees out-of-phase with
respect to each other.
3. A coupler according to claim 1, wherein said means to
divide said iput signal results 1 approximately equal
amplitude first and second intermediate signals;

said means to divide said first intermediate signal and said
first delayed signal results in equal amplitude third
delay and fourth intermediate signals and equal ampli-
tude third mtermediate and second delayed signals;

said means to divide said first reflected signal results in
equal amplitude second reflected and third retlected
signals;

said means to divide said sixth delayed and third reflected
signals results in equal amplitude seventh delayed and
fourth reflected signals;
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said means to phase delay said third intermediate signal
results 1 said second delayed signal and said fifth
delayed signal being in-phase with respect to each
other;

means to phase delay said fourth intermediate signal
results 1n said third delayed signal and said fourth
delayed signal being in-phase with respect to each
other; and,

saild means to phase delay said seventh delayed signal
results 1n said ninth delayed and fourth reflected signals
being approximately 180 degrees out-of-phase with

respect to each other.
4. A coupler according to claim 1, wherein said means to
divide said imput signal results 1 approximately equal
amplitude first and second intermediate signals;

said means to divide said first intermediate signal and said

first delayed signal results 1in equal amplitude third
delay and fourth intermediate signals and equal ampli-
tude third mntermediate and second delayed signals;

sald means to divide said first reflected signal results 1n
equal amplitude second reflected and third reflected
signals;

said means to divide said sixth delayed and third reflected
signals results 1n equal amplitude seventh delayed and
fourth reflected signals;

sald means to phase delay said second intermediate signal
results in said first delayed signal being phase delayed
ninety degrees with respect to said first intermediate
signal;

said means to phase delay said fourth intermediate signal
results 1 said third delayed signal and said fourth
delayed signal being in-phase with respect to each
other;

said means to phase delay said third intermediate signal
results 1 said fifth delayed signal and said second
delayed signal being in-phase with respect to each
other;

sald means to phase delay said second retlected signal
results 1n said sixth delayed signal being phase delayed
ninety degrees with respect to said second reflected
signal; and,
sald means to phase delay said seventh delayed signal
results 1n said ninth delayed signal being one hundred
and eighty degrees out-of-phase with respect to said
fourth reflected signal.
5. A coupler according to claim 1, wherein said phase
delays occur over a frequency band.
6. A coupler according to claim 5, wherein said frequency
band 1s 10 to 20 Ghz.
7. A coupler according to claim 1, wherein said phase
delays occur at a specific frequency.
8. A coupler according to claim 7, wherein said specific
frequency 1s 15 Ghz.
9. A coupler according to claim 1, further including means
for inputting a first calibration signal 1nto said coupled port
of said directional coupler;

means to divide said first calibration signal into a second
and third calibration signal;

means to phase delay said second calibration signal to
generate a fourth calibration signal;

means to divide said fourth calibration signal into a fifth
and sixth calibration signal;

means to divide said third calibration signal into a seventh
and an eighth calibration signal;

means to phase delay said eighth calibration signal to
generate a ninth calibration signal;
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means to add said sixth and ninth calibration signals,

means to phase delay said fifth calibration signal to
generate an eleventh calibration signal; and,

means to add said seventh calibration and said eleventh

calibration signals.

10. A coupler according to claim 9, wherein said means to
phase delay said eighth calibration signal results 1n said sixth
calibration signal and said ninth calibration signal having the
same relative phase; and, said means to phase delay said fifth
calibration signal results in said eleventh calibration signal
and said seventh calibration signal being one hundred and
eighty degrees out-of-phase.

11. A coupler according to claim 9, wherein said means to
divide said first calibration signal results in equal amplitude
second and third calibration signal;

said means to divide said third and fourth calibration
signals results 1n equal amplitude sixth and eighth
calibration signals and equal amplitude fifth and sev-
enth calibration signals;

said means to phase delay said second calibration signal
results 1n said fourth calibration signal being ninety
degrees phase delayed with respect to said third cali-
bration signal;

said means to phase delay said eighth calibration signal
results 1n said ninth calibration signal being ninety
degrees phase delayed with respect to said eight cali-
bration signal; and,

said means to phase delay said fifth calibration signal
results 1n said eleventh calibration signal being ninety
degrees phase delayed with respect to said fifth cali-
bration signal.
12. A coupler according to claim 9, wherein said phase
delays occur over a frequency band.
13. A coupler according to claim 12, wherein said fre-
quency band 1s 10 to 20 Ghz.
14. A coupler according to claim 9, wherein said phase
delays occur at a specific frequency.
15. A coupler according to claim 14, wherein said speciiic
frequency 1s 15 Ghz.
16. A directional coupler for providing an output signal
and a coupled signal from an input signal while reducing the
ciiects of a reflected signal comprising:

a first electrical member 1ncluding an mput port, a second
port, and a third port, said 1input port being adapted for
receiving an input signal, said first electrical member
being configured to divide said input signal into a first
intermediate signal and a second intermediate signal
and to phase delay said first intermediate signal to
ogenerate a first delayed signal, said first intermediate
signal provided at said second port of said first elec-
trical member and said first delayed signal provided at
said third port of said first electrical member;

a second electrical member 1including a fourth port, a fifth
port, and a coupled port, said fourth port being elec-
trically connected to said second port of said first
clectrical member, said {fifth port being electrically
connected to said third port of said first electrical
member;

a third electrical member including a seventh port, an
eight port, and an output port, said seventh port being
clectrically connected to said second port of said first
clectrical member said eighth port being electrically
connected to said third port of said first electrical
member, said electrical connections of said second and
third electrical members to said first electrical member
dividing said first intermediate signal 1nto a third inter-
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mediate signal and a fourth intermediate signal, and,
dividing said first delayed signal into a second delayed
signal and a third delayed signal;

said fourth port of said second electrical member being,
adapted to receive said fourth intermediate signal and
said fifth port of said second electrical member being,
adapted to receive said third delayed signal, said sec-
ond electrical member being configured to phase delay
said fourth intermediate signal to generate a fourth
delayed signal, said second electrical member config-
ured to combine and vectorially add said third delayed
signal and said fourth delayed signals into a coupled
signal, said coupled signal provided at said coupled
port of said second electrical member;

said seventh port of said third electrical member being
adapted to receive said third intermediate signal, said
cighth port being adapted to receive said second
delayed signal, said third electrical member configured
to phase delay said third intermediate signal to generate
a fifth delayed signal, said third electrical member
configured to combine and vectorially add said second
delayed and fifth delayed signals and provide an output
signal, said output signal provided at said output port of
said third electrical member an 1mpedance match
between said output port and an external load attached
to said output port determining an amplitude of a first
reflected signal;

said third electrical member configured to divide said first
reflected signal mto a second and a third reflected
signal, said third electrical member configured to phase
delay to said second reflected signal to generate a sixth
delayed signal, said third reflected signal provided at
said eighth port of said third electrical member, said
sixth delayed signal provided at said seventh port of
saild third electrical member;

said electrical connection of said second and third elec-
trical members to said first electrical member dividing
said sixth delayed signal into a seventh delayed signal
and an eighth delayed signal, and, dividing said third
reflected signal into a fourth reflected signal and a fifth
reflected signal; and,

said fourth port of said second electrical member adapted
to recerve said seventh delayed signal, said fifth port of
said second electrical member adapted to receive said
fourth reflected signal, said second electrical member
conilgured to phase delay said seventh delayed signal
to generate a ninth delayed signal, said second electri-
cal member configured to combine and vectorially add
said fourth reflected and said seventh delayed signals.

17. A directional coupler as in claim 16, further including
a first electrical component and a second electrical
component, said first electrical component electrical con-
nected to said fourth port of said second electrical member,
said first electrical component also electrical connected to
both said second port of said first electrical member and to
said seventh port of said third electrical member, said second
electrical component electrical connected to said fifth port of
sald second electrical member, said second electrical com-
ponent also electrical connected to said third port of said first
clectrical member and to said eighth port of said third
clectrical member.

18. A directional coupler as in claim 17, wherein said first
and second electrical components are active components
approximately equal in electrical characteristics.

19. A directional coupler as in claim 17, wherein said first
and second electrical components are directional couplers.
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20. A directional coupler as 1n claim 17, wherein said first 23. A directional coupler as 1n claim 22, wherein said
and second electrical components are resistors approxi- frequency band is 10 to 20 Ghz.
mately equal 1n electrical characteristics.

21. A directional coupler as 1n claim 17, wherein said first

electrical member 1s a first Lange coupler, said second 5 s | | | |
electrical member 1s a second Lange coupler; and, said third 25. A directional coupler as i claim 24, wherein said

electrical member is a third Lange coupler. specific frequency 1s 15 Ghz.
22. A directional coupler as i claim 17, wherein said
phase delays occur over a frequency band. £ 0k % k%

24. A directional coupler as 1 claim 17, wherein said
phase delays occur at a specific frequency.
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